Objectives To examine the evidence for the efficacy and glucocorticoid sparing effect of oral anti-leukotrienes taken daily as add-on therapy to inhaled glucocorticoids in patients with asthma. Design Systematic review of randomised controlled trials of children and adults with asthma comparing the addition of anti-leukotrienes or placebo to inhaled glucocorticoids.
Introduction
Inhaled glucocorticoids are the cornerstone of asthma management because of their efficacy, tolerance, and relatively rapid onset of action compared with other anti-inflammatory drugs.
1 When the control of asthma is poor, other drugs such as long acting ß 2 agonists and anti-leukotrienes can be added to inhaled glucocorticoids.
2-4 Anti-leukotrienes are a new class of anti-inflammatory drugs that interfere with the production of cysteinyl leukotrienes (5-lipoxygenase inhibitors) or the receptors (leukotriene receptors antagonists). Cysteinyl leukotrienes stimulate the production of airway secretions, cause microvascular leakage, and enhance eosinophilic migration in the airways. 5 Thus the combination of anti-leukotrienes and inhaled glucocorticoids may enhance the control of asthma by reducing bronchoconstriction and inflammation of the airways.
The efficacy of anti-leukotrienes in the management of asthma has yet to be established. No firm recommendations about their use are made in current national guidelines for asthma.
2-4 However, recent randomised controlled trials have provided evidence of the efficacy of anti-leukotrienes as add-on therapy to inhaled glucocorticoids in persistent asthma. [6] [7] [8] [9] We examined the safety and efficacy of oral anti-leukotrienes as add-on therapy to inhaled glucocorticoids in children and adults with asthma to quantify the improvement in asthma control achieved over inhaled steroids alone (at the same or double the dose) and the glucocorticoid sparing effect when inhaled steroids are tapered.
Methods

Identification of trials
We searched Medline, Embase, Cinahl, and Central (Cochrane controlled trials register) databases up to August 2001 using the following MeSH, full text, and keyword terms: [asthma, wheez*, or respiratory sounds] and [random*, trial, placebo*, comparative study, controlled study, double-blind, or single-blind] and [leukotriene*, anti-leukotriene*, or *lukast*] and [inhaled* and [steroid*, corticosteroid*, fluticasone*, triamcinolone*, dexa*, deca*, gluticasone, beclomethasone*, budesonide*, flunisolide, bronalide, flixotide, or triamcinolone]. We checked the references of all identified trials and review articles, and we searched the abstract books of the international meeting of the American Thoracic Society for 1998, 1999, and 2000. We contacted the international headquarters of pharmaceutical companies producing antileukotrienes to obtain or to identify unpublished trials.
Study selection
We included trials if they met the following criteria: they were randomised controlled trials, they pertained to children and adults with asthma who were taking inhaled glucocorticoids for maintenance, they compared the addition of anti-leukotrienes or placebo daily to inhaled glucocorticoids for a minimum of 28 days, and they documented measures of efficacy other than compliance. The primary outcome measures were the number of exacerbations of asthma requiring rescue systemic glucocorticoids when the intervention was compared with the same or an increased dose of inhaled glucocorticoids and the change from the baseline dose of inhaled glucocorticoids required to maintain control when the intervention was aimed to establish the steroid sparing effect. Secondary outcomes were changes in pulmonary function tests, symptoms, use of rescue ß 2 agonists, quality of life, exacerbations requiring hospital admission, adverse effects, and withdrawals.
We reviewed each identified citation, and we obtained the full text of all definite or possible randomised controlled trials, irrespective of language. Trials were assessed independently by two reviewers (FMD and Giselle Hicks or Ritz Kakuma) and, if they met the inclusion criteria, the quality of the methods and data were extracted. The quality of the methods of each trial was assessed with the Jadad's instrument, which evaluates the reported quality of randomisation, blinding, and description of withdrawals and dropouts on a scale from 0 (worst) to 5 (best). 10 The reviewers were blind to authors' names, affiliations, journals, date of publication, and sources of financial support. Disagreement was settled by consensus. Confirmation of the methods and data extraction of included trials was sought from the authors, the funding pharmaceutical companies, or both.
Statistical analyses
The trials were divided into three protocols, according to the relative dose of inhaled glucocorticoids used by the control group (same, double, tapered). The trials were further stratified by the anti-leukotriene used and its dosage. Treatment effects for dichotomous outcomes are reported as pooled relative risks with the fixed effect model or, in case of heterogeneity, the random effect model. 11 12 We assumed equivalence if the relative risk estimate and its confidence interval were between 0.9 and 1.1. The weighted mean difference is reported for continuous outcomes with the same unit of measure; when an outcome was reported in different units we used the standardised mean difference, reported as standard deviations. We tested the homogeneity of effect sizes with the Dersimonian and Laird method, with P=0.10 as the cut-off point for significance; heterogeneity is reported when identified. 12 Owing to low power for detecting heterogeneity with few trials, we reported any difference in the conclusion related to the choice of the fixed or random models, when observed. To detect possible biases, the funnel plot symmetry was examined for trials contributing data to the main outcomes. 13 The mean daily dose of inhaled corticosteroids was converted in " g of beclomethasone equivalent", when 1 g of beclomethasone dipropionate is equivalent to 1 g of budesonide or 0.5 g of fluticasone dipropionate or 2 g of triamcinolone acetonide or 2 g of flunisolide.
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All estimates are reported with 95% confidence intervals. In addition to the dose and anti-leukotrienes used, five factors were a priori believed to potentially influence the magnitude or direction of treatment response: baseline dose of inhaled glucocorticoids, age, severity of the asthma, duration of anti-leukotriene use, and asthma triggers. Whenever possible, these factors were examined as possible sources of heterogeneity. For the primary outcome, sensitivity analyses were performed to determine the effect of publication status and quality of the methods on results. The meta-analysis was performed with MetaView, version 4.1 (Cochrane Review Manager, Cochrane Collaboration, Oxford).
Results
Of the 376 identified citations, 363 publications did not meet the inclusion criteria (fig 1) . All available data from the remaining 13 trials (one study in children and 12 in adults; six unpublished as of August 2001) were included in the review (table 1). Within each protocol patients were relatively comparable across trials for age, sex, and severity of asthma at baseline, with the following exceptions. The protocol comparing the addition of anti-leukotriene to the same dose of inhaled glucocorticoids included the only identified trial in children.
14 In this protocol, two trials abruptly reduced the dose of inhaled glucocorticoids at the time of randomisation to elicit poor control; although they reported normal spirometric values at baseline, the severity of the patients' asthma after randomisation was probably comparable to that of the other trials. 7 15 In the second protocol, comparing anti-leukotriene use to a double dose of inhaled glucocorticoids, patients enrolled in one study had higher spirometric values than those enrolled in the other 16 17 ; in both trials, patients were considered symptomatic on the basis of a high daytime symptom score and the use of rescue 2 agonists. The quality of methods of 10 trials was rated high (>4) and was confirmed by authors in all cases; in the remaining three trials allocation was not concealed (table 2) .
Anti-leukotrienes versus placebo as add-on therapy to inhaled glucocorticoids
Although four 7-9 14 of the six 15 18 identified trials contributed data to the primary outcome, only two tested anti-leukotrienes (montelukast; Singulair, Merck Frosst) at licensed doses. 9 14 With the addition of licensed doses of anti-leukotrienes to glucocorticoids, a non-significant reduction in the risk of exacerbations requiring systemic steroids was observed (relative risk 0.61, 95% confidence interval 0.36 to 1.05). The only paediatric trial did not show any significant group difference. When higher doses were examined, the addition of pranlukast (Ono, Japan), or zafirlukast (Accolate, Astra Zeneca) reduced the risk of exacerbations requiring systemic steroids by 66% (relative risk 0.34, 0.13 to 0.88) (fig 2) . The number needed to treat was 20 (11 to 100). Within each stratum the results were homogeneous despite the different doses and anti-leukotrienes tested, age, baseline dose of inhaled glucocorticoids, and duration of anti-leukotriene use. No evidence was found of systematic bias identified by the measure of funnel plot asymmetry (intercept 0.17, -3.22 to 3.55).
Pooling of the two trials testing the use of licensed doses of montelukast for four or 16 weeks showed significant but modest group differences in favour of antileukotrienes in the change from baseline in morning peak expiratory flow rate (weighted mean difference 7.71 l/min, 2.98 to 12.44), use of ß 2 agonists (-0.32 puffs/day, -0.56 to -0.08), and eosinophil counts (-0.07 × 10 9 /l, -0.14 to 0.00; random effect model). 9 14 No significant group difference was observed in the change in forced expiratory volume in one second (0.07 litres, -0.01 to 0.16) or in the risk of overall withdrawals (relative risk 0.91, 0.54 to 1.53), withdrawals owing to adverse effects (0.65, 0.26 to 1.66), increased liver enzyme concentrations (1.02, 0.36 to 2.88), headache (1.16, 0.86 to 1.57), and nausea (0.45, 0.19 to 1.07). No death was reported.
Pooling of the two trials of higher than licensed doses of pranlukast or zafirlukast for six weeks showed a significant group difference favouring the addition of anti-leukotrienes to inhaled corticosteroids. This was shown in the magnitude of improvement from baseline in forced expiratory volume in one second (weighted mean difference 0.10 litres; 0.01 to 0.20), peak expiratory flow (27.2 l/min, 18.6 to 35.8), use of rescue 2 agonists (-0.43, -0.22 to -0.63), and asthma symptoms (standardised mean difference -0.46, -0.25 to -0.66). 7 8 No group difference in overall adverse events or nausea was observed; insufficient number of trials prevented pooling of data for other adverse effects.
Anti-leukotrienes as add-on therapy to inhaled glucocorticoids versus double dose inhaled glucocorticoids
The data from two unpublished trials, each testing two different doses of zafirlukast, were analysed. 16 17 Pooling of data was only possible for zafirlukast at four times the licensed dose. No apparent group difference was found in the risk of an exacerbation requiring systemic steroids after 12 weeks of treatment with zafirlukast 80 mg twice daily (relative risk 1.08, 0.47 to 2.50); the width of this confidence interval exceeded our definition of equivalence (fig 3) . The small number of trials prevented subgroup and sensitivity analyses.
No group difference was found in secondary outcomes, including change from baseline forced expiratory volume in one second , peak expiratory flow, symptom score, use of short acting 2 agonists, withdrawal due to poor asthma control, or hospital admission. Zafirlukast (80 mg twice daily) was associated with an increased risk of increased liver enzyme concentrations (5.36, 1.40 to 20.44) and of withdrawal due to adverse events (2.77, 1.02 to 7.58)-that is, 1 in every 25 (95% confidence interval 14 to 100) patients and 1 in every 33 (16 to ∞) patients treated with high dose zafirlukast would have an increase in liver enzyme concentrations and withdrawals due to adverse events, respectively. In contrast, a double dose of beclomethasone was associated with a higher risk of oral moniliasis compared with anti-leukotrienes (7.1, 1.3 to 33; number needed to harm 33, 17 to 100).
Anti-leukotrienes versus placebo as add-on therapy to tapered doses of inhaled glucocorticoids
The data from four of the five identified trials testing licensed doses of anti-leukotrienes were provided in sufficient detail to be analysed. 6 19-21 The assessment of the glucocorticoid sparing effect of anti-leukotrienes depends on showing adequate and comparable control of asthma between the intervention and control groups after tapering. After 12 weeks of treatment, two trials of zafirlukast reported no significant group difference in final mean symptom scores and use of ß 2 agonists. 19 20 Trends approaching significance favouring the intervention were observed in the final forced expiratory volume in one second (weighted mean difference 0.12 litres,-0.02 to 0.27) and final peak expiratory flow (14.47 l/min, -4.54 to 33.48). Two trials testing montelukast failed to report sufficient data to confirm comparable asthma control after steroid tapering. 6 22 Pooling of the four trials showed a noticeable reduction (relative risk 0.56, 0.35 to 0.89) in the rate of withdrawal owing to poor asthma control in the group treated with anti-leukotrienes, suggesting better asthma control with the combination therapy.
After 12 to 20 weeks of treatment, no overall group difference was observed in change from the baseline dose of inhaled glucocorticoid required to maintain asthma control (three trials; weighted mean difference 1.87%, -3.52 to 7.27). When the lowest tolerated dose of inhaled glucocorticoids was considered, no meaningful group difference was observed either (-44.43 g/day, -147.87 to 59.02; random effect model) (fig 4) . Heterogeneity was apparent among trials: the two trials of zafirlukast reported no group difference whereas the trial of montelukast reported a significant reduction of 200 g/day in favour of anti-leukotrienes. Based on the relative potency and distribution of inhaled steroids used in the montelukast trial (table 1), the 200 g/day would translate to an approximate corticosteroid sparing effect of 160 g/day of beclomethasone equivalent. 3 The small number of trials and their design prevented the clear attribution of the No group difference was found in the number of overall withdrawals, withdrawals owing to adverse effects (relative risk 1.07, 0.57 to 2.03), increased liver enzyme concentrations (2.13, 0.80 to 5.68), headache (0.90, 0.64 to 1.26), or nausea (1.14, 0.49 to 2.67). The similarity between groups in the number of overall adverse effects met the review's definition of equivalence (four trials; 0.98, 0.91 to 1.05). A significantly increased risk of serious adverse events as defined by the criteria of the Federal Drug Administration was associated with zafirlukast at licensed doses (2.47, 1.53 to 3.97). 19 20 23 No death was reported.
Discussion
Asthma control
The addition of licensed doses of anti-leukotrienes to inhaled glucocorticoids results in a non-significant reduction in the risk of exacerbations of asthma requiring systemic glucocorticoids, with modest group differences in peak expiratory flow, use of ß 2 agonists, and eosinophil counts in favour of anti-leukotrienes. A beneficial effect of anti-leukotrienes was more apparent with higher doses than with licensed doses of pranlukast or zafirlukast, when a 66% reduction in exacerbations requiring rescue glucocorticoids was documented. No statistical heterogeneity was observed despite variation in the dose and anti-leukotrienes used, dose of beclomethasone (750-2000 g/day), age, duration of treatment, and intention to treat analysis. Evidence thus suggests a modest effect of licensed doses of montelukast as add-on therapy to inhaled glucocorticoids in children and adults with asthma. In symptomatic patients, however, most doctors would consider an alternative to the current treatment; many would increase the dose of inhaled glucocorticoids or consider additional therapy. Surprisingly, only two 12 week trials, both unpublished, compared the combination of zafirlukast (20, 40 , or 80 mg twice daily) and low doses of beclomethasone (400-500 g/day) with a double dose of inhaled glucocorticoids. 16 17 With only one trial considering zafirlukast at the licensed dose, no pooling of data was possible. The effects of adding zafirlukast at four times the licensed dose were similar (although they did not meet the review's equivalence criteria) to increasing the dose of beclomethasone by 400-500 g/day with respect to risk of exacerbations requiring systemic steroids, lung function, symptoms, and night waking. With no identified trials testing anti-leukotrienes at the licensed dose, the efficacy of adding these drugs to current therapy compared with modestly increasing the dose of inhaled glucocorticoids has yet to be determined.
Glucocorticoid sparing effect
Also of interest is whether the addition of antileukotrienes allows a meaningful reduction in the dose of inhaled glucocorticoids required to maintain control. Data from four trials of high quality methods, all using licensed doses of anti-leukotrienes, provided some answers. 6 19 20 22 In adults well controlled on various doses (300-3000 g/day) of inhaled glucocorticoids, treatment for 12 weeks combining oral anti-leukotrienes with inhaled steroids daily did not reduce the dose of inhaled steroids any more than did placebo. 6 19 20 No significant group differences were observed in the lowest tolerated dose of inhaled steroids or the proportion of patients with complete steroid withdrawal. Pooling of trials resulted in statistical heterogeneity only with the lowest tolerated dose of inhaled glucocorticoids: the trial testing montelukast was associated with a significant additional reduction of 200 g/day of inhaled glucocorticoids (or 160 g/day of chlorofluorocarbon propelled beclomethasone equivalent), whereas the two trials testing zafirlukast showed no group difference.
To establish the overall or relative efficacy of anti-leukotrienes, the level of asthma control achieved after glucocorticoid tapering must be similar among groups. In fact, patients treated with anti-leukotrienes seemed to have better control than those given placebo, with a significant 44% reduction in withdrawal owing to poor asthma control and trends towards a modestly higher forced expiratory volume in one second and peak expiratory flow after tapering. Possible explanations for the heterogeneity include not only the anti-leukotriene used but also trial specific designs likely to influence the level of asthma control after tapering such as dose optimisation period before randomisation, tapering protocols, baseline dose of inhaled glucocorticoids, and intention to treat analysis; the small number of trials could not permit the precise identification of the source of heterogeneity. A longer tapering period, for example, might have permitted greater reduction in the dose of inhaled steroids or shown better asthma control in favour of antileukotrienes. Although there are insufficient data to make a firm conclusion, based on the upper confidence limit for either anti-leukotriene used (fig 4) the maximal glucocorticoid sparing effect of antileukotrienes would probably be less than 400 g/day. This agrees with a previous systematic review showing that the use of anti-leukotrienes as a single agent is less effective than using 400 g/day of beclomethasone.
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In one trial inhaled steroids were tapered by 500-600 g/day in both the intervention and control groups before randomisation, and the placebo group achieved a similar reduction after randomisation. 6 Clearly, the magnitude of reduction of glucocorticoid dose achievable without any other treatment outweighs that shown to date with anti-leukotrienes.
Adverse effects
Montelukast at licensed doses was not associated with increased adverse effects. The 2.5-fold increased risk of serious adverse events, noted only in the tapering protocol in association with licensed doses of zafirlukast, raises concerns. Although the definition of serious events included those resulting in major disability, admission to hospital or prolongation of hospital stay, life threatening reaction, or death, the observed events were often linked with increased concentrations of liver enzymes prompting withdrawals (C Miller, personal communication, 2000) . The fivefold increased risk of liver enzyme concentrations being increased and threefold increased risk of withdrawals owing to adverse events noted with higher than licensed doses of zafirlukast plead against using these drugs beyond the recommended doses. Other than the expected increased risk of oral moniliasis with double doses of inhaled steroids, no trials have examined important adverse effects associated with the prolonged use of inhaled glucocorticoids, such as osteopenia, adrenal suppression, and growth suppression in children; such documentation would have permitted a fairer comparison between the safety profile of the two treatments.
Strengths and limitations of the review
As with all systematic reviews, this meta-analysis is limited by the quantity and quality of existing data. Despite the abundance of literature on anti-leukotrienes, only 8% of randomised controlled trials were designed to assess the role of anti-leukotrienes as add-on therapy to inhaled glucocorticoids; most of the excluded trials compared anti-leukotrienes with placebo in groups of patients comprised of, or including, those naïve to steroids. Fortunately most (10 of 13) relevant trials were of high quality. Trials with low quality methods did not contribute to the review owing to insufficient reporting and thus could not bias the conclusions. 15 18 22 Publication bias was evident; of the five trials involved in the glucocorticoid tapering protocol, only the one in favour of anti-leukotrienes is published 6 ; exclusion of unpublished trials would have possibly led to an overestimation of the true glucocorticoid sparing effect of anti-leukotrienes. A thorough systematic search resulted in the identification of unpublished trials of high quality methods, increasing the power and scope of the review. 25 The value of this review is strengthened by the direct confirmation of methods and extracted data from the authors or sponsors of nine of the 13 trials and the voluntary disclosure of data for five unpublished trials. 16 17 19 20 22 Because the number and size of studies pooled under each protocol were small, the robustness of analyses of different inhaled glucocorticoids and anti-leukotrienes, doses, age, duration of intervention, and lung function could not be assessed. Clearly, these preliminary conclusions may be modified with accumulating data from future well designed, parallel group, long term ( > 20 weeks) randomised controlled trials; a prolonged ( > 16 weeks) dose optimisation period before randomisation and intention to treat analysis are key design features to clarify the glucocorticoid sparing effect of antileukotrienes. Updates of this review will be available in the Cochrane Library.
Conclusions
This systematic review summarises the best evidence available until August 2001 and emphasises the shortage of relevant trials testing the role of licensed doses of anti-leukotrienes as add-on therapy to inhaled glucocorticoids. Although no firm conclusion can be made, the addition of licensed doses of antileukotrienes to inhaled glucocorticoids may modestly improve the control of asthma, but there is little evidence to consider their use as a substitute to increasing the dose of inhaled glucocorticoids. In well controlled patients, the addition of anti-leukotrienes is possibly associated with superior asthma control after glucocorticoid tapering, but there is insufficient evidence to quantify the corticosteroid sparing effect. With only one paediatric trial showing little benefit, extrapolation of data to children remains speculative. Until further evidence is available, the gold standard of asthma treatment should remain the use of inhaled glucocorticoids at the lowest effective dose.
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What is already known on this topic Anti-leukotrienes are increasingly being used as add-on therapy to inhaled glucocorticoids No systematic review of randomised controlled trials has examined the evidence to support this treatment strategy
What this study adds
There is a shortage of relevant trials testing anti-leukotrienes at licensed doses as add-on therapy to inhaled glucocorticoids in patients, particularly children
